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ON THE DISPLACEMENTS Olr' TI3B TRIPLET BANDS NEAR U S 8 3  
I N  THE SOLA Ii 8PllillCTRllLJ ht .  

BY ,J. l ~ v l ~ ~ l ~ ~ H ~ ~ : D ,  F1.R.S. 

a1 C)hervi~tory B~illctiu Nn. :3!f Forneb mclasti~*c-s arci gi F c 11 of t11 i t  tli~l.~]i\ct ruc~kts : ~ t  the y( ntyp F 
cigllt of tlw tri11lc:t~ bands bctwccw 31;7(i :~ntl :185:2 Thth ulcall valuil of thc1sc) r l l l t l  of tl1~1c.c 

sepiwatcl lincls i~ t t r i l )~ i t~ ( l  1)y  1IZc~wl~i1d to carborl -\.vafi + 0'0045, A, nccorltlinr: to mcxasnx'cls by the w~itclla. If to this 
is adcIetL tlach valzlc, + 0'002 A, I'oulltl 1)y 11darns for L ~ I c ~  allift lirnb - cchlllrc fol1 tllclscl I)tnl(le tllch t,c,ttll slllft, 
limb - aiac alwlonnt,~ to + O'O( )(iT) A, i l  vt~l~lne ul,l)roxiznt.ttii~g to th el shifl t~~tlcl~c*t otl 11y Ihnstc~ir~ wllich I'o18 tlr is 
incgion of tIhc spcc t , r~~m 1s + 0'0083 A, 

Move rpccint mciusxulcs 01' Z;llclac i~un(ls 1) y St. *J  011 11'' ziltlic:lttlcl v c ~ y  1nrnc~11 xtuallc~i~ rsllil'is, thc rnttln X~clllg 
3.0'OOltZ A, at! tlic cent~cl of the. disc, or less than onel llnll' ttl~(l value ol~l i~i~l t t l  :iI I<oc,l:rilr/in:~l, St. ,John also 
meastzsctl 43 singlc lincbs oi' tlxib cavboil : t ~ c  sy)cct l~~~rr l  in 11111 sitrrlt! i *~~f i i o~ l  illc~lu(1ilig 18 l i~ l (~s  o f  i i ~ t c i i ~ ~ i t i ~ ~  
xai~ging fl+orn 2 to 4 ant1 25 Illlog o f  Inicnsitlics bctwccn 00 nntl 1 of lict~vlnntl'c; Z'tar~lix~~in:u~y Tnl)ltl. 1 Ilc $11 par cl 
lwgc1 rn(livi(41ti~l ~ l i ~ l ' t ~ ~ 4 ~ ~ ~ c i ~ ~ ,  t 11 (b ~ l l i f t ~  o l  tlio st ~ * o ~ ~ g c l l ~  l i i ~ ~ ~ s ,  SIIU - i\lvc4, rt\i\,giltg Sl0on~ + ( ) ' ( JO( i  A to - 0'003 11, 
ant1 thc wcaltcr liucis I'~*oxl~ 3- 0'004 ;\. tlo - O'C10:l A. 'I'hc incul~ valutk lola lllcl strorlgi~ liilcls .tvzlrj + 07(;0:24 A, 
mcl f o ~  tho wcuLccli* liilckf: + O'OOO(1 A. At tire Sun's liml, I X ~ H  ~ ~ ~ c ~ a i - z i ~ i  s (I! 1 S of' t l l ~  s t lrr lch ,ctliics o S  ~ f i l  n11~(1*  

liucks gilve n a1c4:~11 VILIILO -1- OoO( )37 A, wll i l~i  21% nlc1aus 1~)s. 1 7 liut fi of tllc h~in tc r scliltcs n rlH xrblio. 
Willx a viow to  cltba,sizlg up tlhis tliscropalacy I,c;ttvcc~l t l ) ~  Koilailctn~al ant1 I \ l o ~ i ~ t  Vl'ilso~l IIlcit8u/lcs u 1 1 ~ ~ 1 ~  

series of phot,ogr;lplrs wins socm*ctl i.~t K~c~ilcanal  i n  Mailcll :in(l April 1!11IS. rL'l~tw~ ~ v v i ~ t ~  ol~taii~o(l wi i , l~  t11p 1t1r.g~~ 

spect~ogi~aph t1cscyil)ccl in ICotlnikax~i~l 0~-3~cllvatory 1311llt1tin No. :)(;, rr~ixlfi Ikc\ Antlrt~won ti-inch grat1izifi wit11 a 
i n  of O O O  i f : .  b'o11~L11 ~ F ( I , c ~ *  spectril T V C ~ I ~ ~ I  ~ ~ ~ o ~ o ~ z ' ~ L . ~ E ) ~ I ( I c I  ikt 1'11~1 (:("ll~*(~ OE L J I c ~  (I~sc, but lxlofii of' 1111~ linll) 
apcctra wora tskch~~ IT) Llr(1 I,llir*(l ortlc~+. Tlse l~irezllt di~]3('1'~i011 is 0'48 A nnillinlrhtoll nl tllcl fo-ttrtll or (ley zlutl 
C)'7!) A 1)cr rllilllzllcllca~ in t l ~ c  i,hil*tl ortle~. Tllo clcfinition. i n  l)oZIh urtlcrx ig vcwy ihzc, ~ L I I . L L  thi1rbc> is no tlaacc of 
astigrntltism. Tllck balztl :)SS0'53 is l~urtinlly rcsolvt~tl in tile tire cilwcttra of llla f o ~ n t l ~  ortloil, tllc tlliplcts 011 t h ~  
mollc ref~dng~l,lcl of 1111s l)t&ing cl(lt~~Xy vu~o1vc:tl. 

Gvchat carBc WilS take11 ti( r obti~in plixtc'fl 011ly in tb C: ~ 1 1 ~ t l l ' ~ ' ~ t  11assihle~ ~ k y  W~IC 'X~ 110 ~ P : ~ c c ~  01' ~i ' i l t t l '~~'~1 wlllt ;~ 
light wts vi~ibltl 11ctlz. thtk Bull ; in J1 casw i i l ~ o  tlllc aliitntdo of the Sun osctlc~Ic!tl (10'. Tlita wtlvc Iihngtl~n ol' 
lines ~vhicll 1 ~ 1 ' ~  shiCte~d to.tvi~rtIs rctl 2t.t. the liml) HIT rcilucccl by scuttc~~ccl light, wl~iclt H I I ~ O Y J I O H C M  light S ~ ~ r n l  t 11~  
centre of lhc. disc, a~ztl Mlic; i s  e~sl~clc~ially lial~lc t,o occu17 in tllrl ulint-violet rScglon whci*o tllci ~ t~ i \ l l~>l* i l~g  is jiin~~:~ic~1* 
tl1a.n ill tlle visible rcgioil. 

The asa:il rsSlec,t;ing tlclvicc webs rlspcl for sinlultaiicons exyoatlriJB on #an ant[ ~ J T ,  citrc! l)ciil~g :'alrcln to illstlllrb 
the complolc illulxlimitliaxl of Lba .g~a.ting by liglxt fro m hot11 soul P C ~ .  Thc  lit ~vitltll n:Is hctn c cJn 0'01 0 n~xrl- 
and 0'015 mm. wi.tl1 s colliruudo13 lolls of 7' 6" focus. 

1x1 pho&ograplling tile polar linll, spectra the tirn c was caml?ulc cl bcf orchail t l ilrlrl for c~zclk clay wllc n the 
vertlcal tii&mcter of tlle Sun's image p~ojectetll by tho siclcrostat cco~lzcidcd ~ v i t l ~  the aolar axis. Tlijcr is cnsily 
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clone and without any chance of liliatakes by means of t h e  tables constructetl for8t;be spec~roheliograph T V O Y ~ .  

Photographs were tllea matle of tlie North and Sout;li polar lirnbs alternately as near to the comp~itqd tlinc as 
prncticablp. For the fot-t~tli orcle~ plates chxposurcs of 2 minutes on Sun and 3 rniilutes oil 'Ire were Eouncl 
sz-tfficieiit at the centrc of the disc, szld for tlhe liinb spectra l n  tlie tliirtl ortler tllle exposures welbc about +j 
rnlnntes on tlie Bull srltl 1 mlzlute on tlie arc. 

Tllo 81~1's Image elllargetl to t~ diameter of SO milliineters was projectetl on to an eiigrilve~l plate 1)lacccl 111 
front of the spc?ctrograt~h slit. il liole in the plate 1 znm. i n  clittmeter ancl 1 i n n  iiisicle tlie l i~nl,  ittlrnittetl 
light to the slit. This hole was also the centre of n cilacle of 10 mm. ~iclins upon which the lmagr coul(1 bc 
centre(\ ~ 1 1 e n  pllotogfi~pl~iizg tllc centrc of the chsc. 

']'he limb spectlla 18cpiguseiitl points on the 81111 1/40 of the radius witlii~i tllie limb, the cxnct, l lel~og~ayhic 
oo-o~iiinat~es of ~vhich may bo coinputed, using tlw miclclle time of oxposnre to cletermliw tllc positioli angle of 
t,he slit on thc Sun's tllsc As tllcy were mostly taken veyy 1 1 ~ ~ 1 ~  to the nopth or sonth yolm liznbs tlhc corrcc- 
t,ions f o ~  Ihe xc)lar rotatloll are very small or zero, but 111 all cnses wlierc the po111t ~)hotog~apliccl WLS 'rlt an 
;~ypreciable tlistance froni tlie SUII'S axis the cornpolicnt in Ihe line of sight of tlie solar synoclic r*otution waa 
aoinputed by tlze forinnla V = [1'507 cos 4, -t- 0'546 cos" cP - C] sin X cos D.*#:' 7'hc velocity thus obtainecl 
l v i ~ s  zul~led algel~raically to the  velocities tlue to the Etwth's orbital alicl tlinrnal znovelmnts and the ~*csx~ltant 
velocity oxpiacsaecl in angstvor~is al.ylieil to correct llic ~neasnrecl clisp1acsn;ienls. 

rp l~c  I3ai*Ili's orbital 1n0tion in the clirectioa of i11e SIUI is determinecl. from the tlailg vallzcs of tlie vatliu$ 
vector given ill the NatzticaZ All~ismac ancl the coinp~@ent of  tlie diurnal motloiz f rom tlie form~xla Velocity zn 
Kin/scc = 0'41i4 cos 4, cos 8 sin T, 

'rhe proper selection of lllles or 1)anils wliicl1 lwuy be snlq~osctl to be unaffectecl by t h e  presence of supzr- 
yoscjtl lilzcs of otller substances 1s iiot very easy. After a careful co~nparisoiz of tlie arc ant1 solar Zincs I 
erlgir~ally selected tlie thirty liilefi or l~s~ i i l s  giveii 111 the: follow in^ list, talcen from Rowland's tablo 
.of solar liiles. 

* Kada1kan;tl Observatory Bullet111 No. 49. 



Irk making up tliis list 1 was guitlccl muinly by the agreelnent in  zlelativt, iatensity bcbtweenrthe lines i n  the 
carbon arc ancl. tlre correspoilcli.ug lines ir1 tlze Sun as juclg'ccl by snpeibpoelng Ilie ayc iinages on the ubsorptioil 
lines in the solar ,upcctrum and observultg the ' fit ' of tlie lilies itilcl I ) t ~ i 1 ( 1 ~  W ~ I U Z ~  the tlyc s~cict,~*li.rn 1111s becn ~nadc? 
a suitable dci1sity. Many of! thc lilies mcasurcil lly St,. Joliil w c ~ c  iecjcctecl. l)ecansc of the xveult of agreenlel~t ill 
relative intciisitles OL', 111 the case c)f the  ftllnter 1111~~ I ~ C ' ~ ~ S U L ' P C [  by 11i111 I I ~ C ~ L I I S C ~  of the inl~erenl clll-liculty of 
measnrelncnt esl~eclally in tllc 111111 sl~cctvi~. Tlie list luclucles all of thosc q~r.cbi~ in St. ,John's ttll~lc 1 13. 
conslstlizq of his stronger lines allti par*tinlly ~'chsolvciL tril~lets, excel~liug thc. I'ollowlng - 

A Rct~so~i I'or sxcluslolk 

; ~ ~ - ~ ( i . l ; j )  
Iiclatlveljr too strolig ill fit111 

: jS53'62 J 
;lS5G.SO I)ifUc~zlt to ineasurc satisfacttori ly 
I ) ) .  b. ,,hob 1.2 . Diffzxfic\tl Ilo~w~rcl.cls vlolcbt In 81ut 

I also c.xcln(lc.: t , h ~  llulcs 3S7( ie44S a i d  :$877+4S1 giving a shift lowallcls vlolct, 211 thil ~ : I J~L~L'CL the c[isc., 
bccdusa tlxey arch rclilt1~I~lg t(00 stl'ollg ill t h ~  sun. 

MJbpl;itrs ;brc somc~h ;~L  Ull(1cl1oxl)ollt?(l towvi%iris bllii nn)vtl rPfri~ngil)lei cn(1, i~llt l  t 1 1  IS is ill1 ildtlt.tl I I C ~ S O I I  $01. 

collfil~lllg at,tplllion to t,lic less 1~~fvt~ng1i)lc~ bancls nncl ,qt~longclr lincs. 
A prel~nliili~ry sc't of  rneibsn.rtls of somc oE Lhch platcis nrttr; lnatl(1 11y I;l~c It~bt.  Mll. 1.2 ,J. I)ococl;, .cvl~~sch 1~1ti:i11 

l*csu]k,~ snll - arc limy l)c I)rielly s~uxiir~n~*i~rtl  :LS follows :- 
NorL11 lirnl) 1 1 l i ~ t ~ ~  - a *  . , . . . .  d - O ' O U 4 r l  
$onLli 1lru.b plalcs . .  . . . , .  ... ... + 0 4 0 0 S  A[ 

(lcllkch of 1)isc + . ... . . . . . ... . ... . . + (I*( N I L /  11 

tile ~nctlfilnrcs now Go be ~ccortlcil T lliivif ~)ract~;lci;l.l.ily co~liillocl altcnliou Lo tho Iril)lol h~ijds in tllci -Lirst1 
hcac1, for w]liell l-'ocoul<'s ~estllts dill'cii3clcl from st. ~~0h11. l'hir; 8 t l l . i ~~  givw ft~itly i ~ ~ ~ ~ r d i ~ i l t  V : L ~ L U S  ()I' lhcb dig- 

placelllelll aL H l l l l ' ~  limb, . l ) ~ l  it8 in a11 fi1111 - ~ L Y U  X I ~ ( ~ U L ~ ~ I P C ~ ~  &]I(! UX~ILII P C H I I ~ ~  01 ill 1 t h ~  l i i ly  01' bai ld~ 011 

pkutefi tirlCell 011 cli['j"orrqiL d;~,Lcs show (bScorckdll~okl la~:oly ill iiXC!ih8S of Ihr l)lWl)$>lcb eV?'ol' Of i~C&t;Urt!lllcuL. It 
is cle.jimb]c .thmcl'oiac to ~c!tl~c(l  G o  tL 111i11illllll1z tllc Liillc HI)& 011 ally ollcb l)kltc?. 

Two 111(~t;llods of ~ X L C ; U S I L ~ C ! ~ ~ ~ C I I ~ ~ .  l~r~vcl b 0 ~ 1  flclol)t;C?t I .  T11(:: lilu.1) , r l~uc l r t~  liae all bcw ~~lc~z~#tm.t?tl by Lll c 

ord1lr~1.y ~ncrtliotl of blsct:liol~ lv i l l~  a ~ i ~ x g l c  tllrcbnrl i&~d r~ a l,p~oxiuiat;c\ly p~~l~nllc?l i,o tilo ~ p e c i ~ ~ a r n  lincs 1) y 
t-llgellt Horcw :ul,jiwLul~inl. '1'11(~ cclllrc Of llltdc~, i l l  rnlkicll t l~ . .  hbil)liil 1mnd~ ;11*ek ]~i~i'LiiLlll/ P C S ~ ~ Y C ~ ~  111 111~~ 

* d 
Sun, ~vvl~l~l n lc .a~ul*aby  tdlc i  1lcig;tLivc on licbgative 11~clLlioct, which can 1~1, neotl with g~clat c1ll'cc.l whc!n szzitul)lc 
cIul)lic:l2;c~ neg;~tl-vos hi~vWl)tlllll ~cictz~*c\tl. 111 ~JIIS t w o  sinnliu* n i \g t~ l i~es  A t ~ t ~ c i .  I3 twi! 111:~cc~~l filln 2,o lili~i in  111~ 
posi t lv~ oil 11~g~ t1  VC" r u i ~ r o i u ~ t  c ~ ,  brrt tuach ilot L'c~Y(?I*R(%L[  chi^ d 101' I .  'Chc~y aro tliaplncod. Iti,Lel*ullj , MO llrtlt t11 c 
LLYC lines of A. are M U I ) L ? ~ ~ ~ ) C ~ S C ' C ~  011 tilt! solar l~x~cs  of 13, ail(l ttjco v g 7 ' 6  3[11~ I X ~ C ) V ( ? I I ~ C ~ ~ ~ ~  ~ '~ ' ( lu i r td  to ~ ) ~ ' O C / I I C C ~  

altc?rnatc coincitlunces inoilsxzrcs thc cloublc tli~plt~crbrxiuui. oJ: the sol'cl~ liao~ wit11 lbc~Seruizc~~ lo Gl~c u ~ v   line^. This 
metllocl id chsl)ccially dnitublc I'or ~ncafiurillg hli~l ~ t ronger  zrnre~olvcd, or l~artly rc~olvc~cl, l)ztruld, X)uL not for fainl 
single lints, As ill t;lm q~os~tivcl on i l ~ f i i ~ t i ~ ~ !  llletllo(1 XIRCYZ f o ~  o t l w  fiun - uvc ~ p o c t ~ t ~ ,  uutl~lo~a soli~rl lbot:~tinn. 
spectl.4, tl1.e ncgt~kive on ~regt~tivc? 111 etLsures ::n*clc f 0~1111 to give sliglzil y snlzlller valnti~ oS ill tl tlisplaccrnczztv tl~ibll 
the bisection rrlobhoc.1.'" This I consiclcr inuy I,a (1110 to rln ni~consoious agtltematic tsvcrcfiltimalc gf it small diti 
placeinelit wlietl ineasu~ilzg by tlle ordinary ~nctllod. I t  is not known bow t ho  tliscol*clunoo xnsy mrg  wit11 the 
nrnount; of the clisplncc.rnc?nt, but tlw eflilct on a xrxcasurecl, displacenzcnl of 0'015 nlzrl. iw about l ( i  par ctqlt, aiztl 111 
the prc~eiit  series of xn(3asnres wller'u tlze correction f orfi l~lotion is ~i~zbtractive Llio diff e~*enuc betwcoil t)i*rlinal*y 
aiicl negative on izegativo measures in tlic! resiilrznl' shift tunounts Go about 20 1,uv cent. If kvo coxlaiclur tIrc 
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negative 011 iicg&tive 1net11otL to be inore trustworthy an appilox~mate oorreutloll may be applied to tlle measn~os 
m a r k  hy the artlintwy luethod, corlbcspoudzi$g to a, ve.(t~xctiol~of the shift by about oac-fifth of its amount. 

Rc8?~7fs  f l t ~  P ~ ) L I S I ~ L '  of' IILO S'I~IZ'S disc.-I iiow g l v ~  iu table I a11 p i ~ q o  tllc rcaults of the measures of 
t~velv? centre of chsc pltttlc.s ineasuretlin six pdss 1)g the 1lcg:ktive on ~zegat~ve method. The lnean shlft Sun - 
rtvc for cacll of the baiitls 1s qivPn iu tllc l ad  collzmu, and the lncnn shift fns all the Banc1s In each. Ilair of plates 
; ~ t  tlhc foot  of Ibe colmnns. The qenel*al mcinll 1s very ~ i e t ~ ~ * l r  + 0 004 L4 i f  tjhc ;tnornalons resnltl for .lplbil (; 1s 
ornitterl or -4- 0'003 A i f  ii, 1s inclucled. 

Thc uleails 1011 thc lntlivlclnal l~ancls, exceptilly ollc, vary froin t 0'00,'J A tlo + 0'005 A. l'hc~ e s c ~ l ~ t i o n ,  

3 S 7 9  7!), givliz; ;L ~ 2 1 . 0  &ift l lecrls farther stucly I11  on^ previous ineasnl'es anti 111 tIh0W of St!. er0lllL tilt' ~ C S S  

~~efl ' iz~~gible portion of tllzis l,nac\. hay a sl~ij't of + 0'(\0:5 ,L, ;lint1 t he  clifllerence lnl~g be due to the fact that 111 the 
ncgatlve on ilcgutive intl~~suvcs tile entire triplet is ~ncas~zvud tts onc line, wl~c.l*eas 111 tllle bz~uctr011 mcasaiaes ill(h 
moiae ref~~angible siziglc 1111~ 3879 71f; of Rowlantl was omittotl. This liilc (Series A1 of Ul111.1. tlutl ~;lttersoii) 

insy give a ueyaLivc1 shift, ;LS ; ~ p p > a y j  to 1>c the ens? ;lilso wit11 t11~ lines of Ih.e sane  scricis ;LC 3S77'4S1 tl11t1 

:{S7lia44S. These two 1i11es were oin~tted from the present lnuttsnrps l~ecanse tthel1* 11iteiisii1es ;~ntl Lheu. ~)ositions 
relative to tllc (Loublels of tlzc ,lo, serlcs differ innz'lrcdly in 81111 ttuti arc. This 1s clea~ly ~howll  hv compt\iaing 
Glle xntensitios imcl ~vnvc-lcnq t , l ~  in  Rowland's " P ~ ~ l i 1 ~ i i m ~ y  ''rnb1,le " with the table of c;~l*boil ;LIT ~vavo-leng ths 
of U h l e ~  uucl I-'ntlte~+,qnn '' x'; tlit. li~t~ousity of c ~ ~ c l - ~  is ~bdlat,lvc.lg tan glteat xu the Sun aild they :ulc t1isl)lt~cetl 
toma~ils violet 0'01 1 L?L 1~1~il O'OOS A ~*espectively. T t  s;?crns inost probable that tllzc~c llllcs arc blentletl1vzt21 lines 
of other el~clnents, othcnvisc ~t hag t o  be supl~oseil t;lzatl ~zn.tler solar conditions t l i e~~c  1s soilae special 1~ortrwBation 
;~lfoctinq tlw wsve-lcug,rths i~ncl Intensities o t  tliesc yxl*t1icn];t~+ lines of' thc :I1 sswes, ~iicln(lil~:: l)ossihlg t l ~ c h  I inr:  
:3879'7XG, but not, ot l le~ liiles la tlie same series. 

The ~no~*tl yefra,~~gi'l)le calnpoaant of the tviplet atl 3367!)'339 it\)pE;LlaH 10 be ~ I O I I ~ ~ E ' L ~  ~ ~ l t ~ l l  : tn~) t l l c~  1111~ 011 its 
lbecl slde hut, Zlllis cml lyCive little oil uo eR:'jct on tlhc ~,ositlon ol: tlhe bs~zcl as u whole. 

Tlip mcil11 sllifts for t~ l l  the banrls show a k~il* :~cco~ilance on,tbti diffevoi~t tl~itcfi exce])ting A.pl0il ii wlliclz 
yields s zero yesalt. Tj?lli~ is not ilrrc to 1mg~9ec t  oentr~ng of Llic Sun s Imago 013 the slitl, l'o.1: s ~nall~tl,izzstlnont 
arnount ln~ to about t i  111111. to~vaib~1s t11c easb side ~vanld  be i~ccyu~rcd to ~zer~tal ise  l)g the solar rotalion tlie mc?un 
s l~ i f t  to~vi t~ds l-eil of 0°00:37 A given b~ tlze nthcr plates. 011.13 long series o l  ~ncasu~es  of Sun - Pe two 0f.t~o1-1 
11;1,vca slzowil slmilstr ;~nollzalie~, clue probably to local asceiitling cuirlcnts at the centre of tlru tlzsc ; ~LXI'CZ IVC '118~0 
~ecent ly  proved t;hdttt, tllc sp~ct1~11n lines m;ty bc locally tlisp1t~cc.d 1)s snlall umonnts at tthci (:ent1xae tis woll as-in 
0 t h ~ ~  pwts of tlie tlisc. 

Measures by t,hc iicgrittlve on nqqative rr~etlzarl have also bee11 IWL-CIC of 11111e Z ~ L ~ C S  in t i h ~  lnolvl ~*cfiui~gible 
regiou. The ineali results f o ~  eight platcs, incl~zcliny the pair* of April (; glviilg low vtluoa is ;ts Pallotvs *- 

I _ _ _ _ -  __---  - +  - -  -- c- ----_I _ ___l_____l___ 

$lean + 0'0033 
Mean excluiling plates of April Ci + 0'0043. 

--- - ----"- - -- -- _- _ ----- _ _  I__- .__ __ _ _ -  
M Bstrophysical J o u r n d  42, 439. 

--___ _ _ _ - 

Soylos (TJhlor u11cT 
pt,,t.orcon A Onglrl. 

_ -_ _ _  _ _ -- -- 

A 
Sun - arc la ,0,000. 
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'L'tlt. clasp ;~%~eemout  lie~t1 sll t-r wrr wit11 t,lw in:?an s111ft f o ~  thr tell bnutlq S L V C ~ S  solnc oantidencc ill the 
sbtlibnlcnt ttlzat for. tho ~it~~ongci* lxncs and l>a,urls in the carbon ;ez.cb spectrum tlzcibe is t l  shift towal-(1s rec2 at the 
centlrc of tlie Sun's disc \ Y I ~ I C ~ I  1s 110il~ t o  the vt111ic 4-0'004 A. T h i ~  is ;I tIlaiflc srnnllc~~ tllli~11 tllc valz~r p~evionsly 
forzncl at I<ocla~ka,nal, bnt Llicb c>al*licl* znens~.i~-t~s welbc rultitlc l)y tlrcl o~~c l i n r~ l~ j~  b~scct~ioi~ ~nrbhllotl, wllich as t~ll~eaclg 

st,iktlecL gives larger vain cs. 
Kr)s?clts f i ) i b  tito St~,lr',s I t  )tt,I). -1 11 the 111111) ~l) i '~t , l*i~ the ~ t ~ g l l t  t1'1l3let bailds i~11tL t \VO t lonl~lets ;it 387(i'(i tmcl 

:jX77'ti ;xl0c notl ~~esolvctl. Owing to 1;htl qritlrnlinq ol' 1~11 lirlcbs 11ciil~ tdlcl limb the co~nponcrzts Ilzeygc llzt,n o ~ c  
another and no S ~ ~ C C ~ ~ ~ ~ O ~ ~ I * ; L ~ I I ~  ~ ~ 1 1 1  I * P S O I V ( ~  t11eq11.* 1 l l i ~ ~ ~  fo11.11(1 tllii~tl t'hc+ tbirar2 olht'lr~r S ~ P C ~ I ~ ~ L  wit11 IOWCI' ( l isl~c~*- 

sion ancZ glacatlel* collt l~;t~t ikl'ci Z X ~ O Y C ~  ~ ; t t i ~ f i t ~ t 3 ~ \ ~  tlo lklCilSIl1'C t,lliell itlie f011,rLh ortlljr 1)latcs. 'rhc bsucls ttw of 
rno1.e nnifolam tleizsity tJ.liL11 :tt till ( *~ l l t l ~~ !  o f  (lh~l ( IISC, i~i1{1 t?y (:NI h t b  i?tI~ily T Y ~ ( ~ ; L L ; I ~ ~ C ~ ( ~  :kS sillglrl 11lz~s by the 

t)lseettion lnctl~otl. Thcl ncjint,ivc on zlcgtttlvct lnrt,l-~o(l -\vonltl httvi. l:cen pr*r!f'cla1il)lc, ~ I I L  sd~ia~blr! l>';~irs of 11eq;t- 

t,~ves wcrc 11ot icvitilablc c.;ocl)t ill ;t fpw CitSeS. 'I'h c 1vl10lt1 R C I ~ ~ C S  \V:W I111 CI~C~~ 'OIY?  IH  C:~SIII'C(I l>y tll1~ I ) ~ s ~ ~ c ~ ~ I  013 

xncrth oct. 
n~bles 2 imrl :j ( t):tgcL :',O:l) givc t,llc ~les~ilt~s of' (i no~btl~ linit, l)ltttc's autl 7 ~outlh 111k1b 1rlatlcbr: 'l'llc displar:eint?nts 

t,o.rvai*tls iac!tl alle 1:~1*2el* td1;cn wi~s :enticipittctl, Illw yrlzol*al nlonn Imiilc: -I- 0'0071 .\. I'ol* Illlo i~o~*..th Ziirrl) aucl 
+ 'OLOO A Pol. l,l~(l so~t~11. 'I'l~e~*e is :I, close ;tg;rr4i~e~.tnellll 1,c.l w i ~ w  t hc  tli fl'c.;~lcnl~ 1);c1i(ls, ail( 1 3S7!)'71) ~vllic11 gave a 

x c ~ o  sluf l, itt tlho cckn LLY 11 ciao s11o-v~~ no  iulonlrtly. 
The syslclrra,t.ic d~il'c?~clu cr I,ct-ivc?rn 1101bt;lx i~1111 tiolltl~ 1s in t l~+1*~~~t i~ l j? ,   ill^ (1 (*oi~lilbfr~q Mi*. I'o~o~lc's l I J P i l ~ L l l D ~ ~ ~ .  

rLi, fi.YStt sight 011c ~lligll l s~zspecl tll~aL by sank u rLrl*ol* of iI,tI.j tZ+t 1x1 J I L ~  Or Gl10 80hl11 I lllit',PC? iLl l  ~ 1 1 ~ 0  I ' I ' u c ~ ( ~ ( ~  ~*otiktion 
con~poi~r~nt~  of' ol )positlo S I ~ I I  in till c two 11 cblnisl,Iltbrvls i~[lco Lw 4,li c i*csrxlts. TLiis 1H Irowclvtbr+ vcbvy i~nl>l*ol)i~blih, ,IS 
tbi?  ciluar ill t,Iil~! O~LIIllittr(' 01' lihc l'O1atlloll coln])oilc~~ll wol1,1(i ~l(bl?tl 00 1)Cb ctl)ollfr 0'1 1(113/~(~i! . ,  wllic11 \ V O I ~ ~ [ L  iilv01~0 
(111it~o tt 1:wgo &!viilt'io~~ ol' t11(? slitl f~*oln ( r I ~ ( l  l)ositlio~~ tt~lqlc of L11il f l l ~ t i ' ~  i~xiS. 

( ~ o ) * ) * P ( : / / o ) ~ , s .  -1{'o1* tIllr\ sa,lr(~ of ~ o i n l ~ l r f ~ c i ~ ~ ! ~ ~  I giv(1 i n  11:tl)los 1 arul. 5 Il1u1 tl;l,kb asatl I'ol* colnl~ating tlze 
rotatlion co~l*c.ction i u ~ t  I tlll i t  vi~lncs of the ol*l)i tlt1 ~ L I L (  I (11 111*11:11 I I ~ ~ V C T ~ I O I I  (IS ~ l '  111 ( 1  I4a;r5tlb. In co l~~ rnn  3 of tliese 

tt~blcs IS 111th ~ L ~ ? ~ ) ; L I ~ O I ~ ~ ~  li~iritII~(I~ (11' 1~08ii.io11 i~llq10 conllf1('cl t ' ' t lo l r~  t l ~ r ~  ~~lji t l '  t\(llltkit~i' (311 t h ?  111Lo1'~e?cLio11 of t l l ~  
sl.,oc trogln,, )h SII  t wi L I I  1,11(* li llll). +' ILIL( 1 it1*Cb l *e s l~ r c t , i ~~~ ly  tll~cb 11.~~li0grihl311 h: lntitlx(lcs it11([ l011g:'l tlucte8 of t f x ~  
poilzte l~lloLog1*:~l)li~!( I .  'l'll(h f'o IIowiilg :'mI 111~111s E T ; ~  v(\ t l l ~  COIYI~IOI 1~~11 t i l l  LII t1 liim of siglit OF $110 81111's Z'OG:L~IO~I 
xaovcmcn t, of Itll cr 11;:n*tI11's olbl,i ktl, ;~nt l of .t;lrcl li:i/l*tlll'~ tli~~i*n;tl movc~1ncw.l in ICmlsc!c, ("lolumu !f gives .the: 
~ ~ s i t l u n l  ~not~ioil 01- a,lgc?hr*:~ic slur1 of t l ~  u c~uantitli~ls ill Ill r? i l l ~ ~ * r c  ))lbc!cc!tling :'(:()I nlnlag ; ;UM l in till o last, cnl~zmu tllis 
is exl~~~essctl  ill :en q s l ~ ~ u ~ ~ ~ s  ant l is tlic ( : I ) P I * ~ ~ c ~ I  on wlli(:ll llas b.11~11. ;q)pliotl lr) l1htb ~ ~ ~ t ~ i i ~ u r c ~ t l  t LispLar:t?~xwni,~. This 
col~l*ect,iou is 111 ttll unscig ~1ll)t,l*t~~tive1 l,~lc;a~zsc! O F  tllzcb oonsitla~nhL(b rnaliclt~ of ~~ccclrjsin~l ol' Glitl l4:ttzi*th l'r.orr1 tlltl S n l ~  
111 ~Ll~r i l ,  111 volvi~~g :L g c w ~ ~ * t ~ l  s1jif't1 of tll~b sol it^^ 1111 11s tlo~v:~~*(ls ~o(1. 

A ~ ' I ( ~ I I ~ J ~ ( ~ / ~ . I /  (;/' )l/~+s!~lt.q.-Tl.' \v(l 11~1cc : t l l o ~ v ~ t ~ ~ c t ~  ~ O I *  LII t1 (lifl'ib~*t?nen h ( ? t ~ v i ~ ~ n  tht? bist?c:Lioil ln(ttlio~1 of L I ~ O ~ L S ~ ~ I ~ ~ ~ -  

~ ~ l ~ l l i l  L L I M ~  th(1 i n o ~ ~ ~  i t~~~nl ' i~t l i~ ~l.( 'gi~(ri~~? on i-~c!q:ttivcb irl~tt~l~orl 111111 g:'cti1c~ibnl rnt\an.H ill  Gllrh limb ~yc!olr;l, sboulcl bcl 
l1t'th7c0d Ill L h c h  lt;1tio 1%) Ilo 100. 'I'lltb 1'(?4tllt1q 1-01' iLlI Llltb dplhlftll"l, 111 fi/li12Rh[I I11;ly ~ I ~ I ( ~ I ' c ? ~ o I ' ( '  !)e sl,at,orl ttsf 

f olloms :- 
111 i~irgnwoins. I n K m/~uo. 

Norqtlli liinb sl)cc;tl?t . . ... . . ... ... . I .  + OW0057 t 1'44 
... ... Mozztll limb speet;l?~ ... . . ." , . -I- 0.0080 O'(i% 

... ( IPII 1a.c~ of tlisc . . ... ... ... ... . .- 4- O*( 1037 0.29 
r I 7 hesc a ~ i .  ilBc ~ n ( ~ i ~ l l  s11 iftrs l i 1 1 8  t1llc tiill mtbii,slu*;J)lr bsn tl.; i n  Lluh li rst hciul I~atwt?rn 3875 itil(l 38)l:j, ,1111d il is 

believcxl tliat ill cy i.ogrost?nt vclrp ;~plj~oxim;rtoly t l ~ o  tli~placomcu LS t111;tl wo111tl 110 ol)rin*vc(l wnrc ill~oxc* I,:nl(Is i n  
the Sun fpcctl from all ~nte~aCcrinr?, lilzps of o t h c ~  suhsti~ncos. 

It is ~iot, c1;lamorl that t11 cl r ~ sn l  ts ~IC'I*C' ~ ~ V C I I  I + C S ~ ~ ( ~ S C L Y ~ ~  ~ i ~ t i ~ f i t ~ t ~ l ' ~  111011011 vt~l nos ol' till o slu fls, I ) ~ v I ~ I ~ . ~ Q  thp, 
lnilivl(lua1 l)li~t~es 1101.11 of limh :tnd ocntrc~ sllom somewllitt ( lisco~~ilin~ tl V:L~LI os in( li claUi1g Ib c 11 nctyjxlty for 
memnring a lsl*gc xizzin1)er of l~lttLc?s ~)rc.fellably taken ah tLilX?urihtlt ]~oinCs (111 t p l i t r  S ~ ~ L P  ~iml) ,  I.)(.lrE~r(: tt d~ljlli-1~~. 

- . - ---.------ -------u ,I--- ."- --- *a -- - - - --- -- ---- - - - ---- 
"The haucl :$87!) 8 nlonesl~ows t i  vil't; ilnc to i~ p:~rtit~l yp:~~*ntion ol' ilhc! morc rcfrangil,lo lxizu o f  the t~~iylat. 



conclusion can be ~e:icll ctl. The. systclnatllc ~1ii'f'~renc c.. betrn~en nortll ancl soutll also points to  a ce~btuin 

illstability of wave-length 111 tllc solar lilzes 
The restzli, fola thc ~on t l l  lllrib l~latc~r; is ~*cnla~kablg close to tllc shift c~l'l'~sydhc[ing to 0'(;34 l<ili/se~. 

preclictecl by Einstciil nizcl ialcelz 11y tlhcrrlselvcs these ~esn l t s  must bc consltle~ecl tlistinctly Eavournhlc t,o tthc 
~*elativlt,y effectl, Thc sinnlle~~ sllif t a8t tllcb ccn tllc of the cllsc IS ileaclily cxplalnecl. 1)y all ontwartl laacllal 1uo.crc~iuc.llt 
of tllze solar. qases w1z1c.h nuglit procl~icc a par~tar~lly conipeusating sl~ifl, t'owards violet at t8hc ccnt,i*cl I-lnl, Fowlci- 
lias esp~essccl t,hc~ view that ally rlssng movemcni, on tllt~ Sun must 11c compensatecl 1))- a tlo~v~l-rvartl nlotito~, tuitl 
illat ibc1 ilescen~llng gasps ~viuoulct l)e i n o ~ c  11lcely .to proriuce abso~l3tlon 111les than tlltl hoi tcz* asccntll~zg jiascs. 
Against this ];lowever wc xnay :wgne that the gases ~ v l i ~ c l ~  are 117 a st'atc of the most ext,reinc~ t;ent~ity 111 

realiL,;y clrivcn out Srom tlie Sun contis~nonsly ~ n t o  Llirl ~or011c21 xegio11 by  light pl'eBS111'Cl, as a ] ~ ~ ( ~ i t l ' ~  10 bcb t,llt! 
cast 111 thc ei4n1~tlve proiw~i~~cncc.s, so tllt~t 110 ( I o - ~ v ~ I w ~ z z ' ( ~  compensating rnot'ioll ~voulcl l)c. obsc~vctl. 

Tlzcse ~esn l t s  ~ L - ~ P C ~ W  to 11e in seyloas tllsag~cemclzt witll those of St. J o l~n  1vho conclntllccl tl1,zL " wl t l l~~ l  t811tb 
limits of prror the~ao 1s 110 ~ T ~ ~ ~ C ~ I I C C ~  01' a c l~s~)l~~cein~l i l t  ~ i t l i c ~ ~ '  at thcl centre or :rZl t11c limt) of tllcb S ~ i u  of tllc1 
orcler of O'OOS A ns ~erlairclrl by ille pnaciplc 01' i*clatl~ritj~ " fit ~ J ' o ~ I I  t'llcl not nlcasnrP illc clssylaccllucl~lt 01' tllcl 
bands in thc. filat, licatl at the lin11) of t1hc Suil, ant1 111s conclnsio~i is 1a~gcl;r hasctl oil llllcl rncan sllll'i, oI' 17 
liucg ol' small ~ntcnsity \vl~icli was z ~ r o ,  The clnc\stion wl~ctl~ci* the ml+llon 2wc baucl 111ic.s (whlcll iu1rL uilatl'clctc~cl 
1)y LJY~SSUI-c OY pole cl't'ect in  t,l~t! aiac) (lo crv tlo not conlirnl ICinsteln'~ l)~c.tl~cl~ion resolves 1lse1E into illv cpestlol~ 
1~11ptl1er TVC ~h0111il ~)li~t:e mow r*eliallce on the silr.ongly rnarltcd triplei bancls o~ on i11c ~lllglcb wc'ali l i ~ l t s ~  
measured by St. ,101111, iulc\. tlus again ~ a 1 8 e ~  tc1xc3 tl~leslioll ~ 1 1 e l t l i ~ ~ ~ '  t l l ~  stiic)ng i ~ l l ~ l  ~ ~ ' 0 8 1 ~  1111~1~ if I'i~cbrtl I'l*olr~ all 
interfei*encc by hncs of other snl)sianccs wvulcl actually I)c ahiftecl b y  cclual airlonllt,s 

ID t,l~cl casc of iron t1he sllifti of the llncs at illic cc~~trcl of lllic rlisc or. 111 gcneml s u i ~ l ~ g l ~ i  tlcl)c~ntls largely or] 

illtcllsity, the1 stiaolzg lincs 1)cling in~zch inorc ~llil'tccl Lliail thc weak ; 1)111~ :bit the limb the slilfl,~ arc :rl>l)~*oxi- 
nlately ccpaliscd, so tlmt tllc' g~*e i~ t  c ~ ~ f I ' ~ r ~ n c c ~  of shift IIL"~;'VVCPI~ ibi' S ~ Z ~ O I ~ ~ C ~ Y  ibiltl wc~~kt ' r  111103 O C  tllel c ; L Y ~ ) o ~ ~  al.6 

(2t the l i q h  i x  anomalous and nc~cds Enrtlle~ ~nv~H.l~igat~ion. 
1 l la~~e,  pkasure 111 aclrnowleclging ihc v e ~ y  1~laterlal alci r.cllciclacil ill illis resclarch by k'lrst AH~i~Lilllt h. 11. 

N;wnyana Ayyar, B.A, Most of -t11(3 mcasurcs of liinl~ specia*~i wcibc 1n:~tle by 1111n :mcl llc also pc\~*fornlcati o t  
the computatlons 1lPCCsSRTS fo18 clctcrrnin~ng the corrections. 

TEE OBSBRVATORT, J EV11:RSXIlr:13, 
KODATRANAL, l ) 1 ~ 3 0 ~ I o ~ * ,  Kod(~~hc~~1c t I  CGTLCZ: Mitdrlr~,s Obs t~ /~ l*rr r lo~~les ,  

J ~ C L ~  1920. 





TABLE IV.-NORTH LIXB CORRECTIONS. 

Date. 

TABLE v,-SOGTH LLM.11 CORRECTIONS. 

Date 1 Horn*. I 
1918. 

April (i .. . . . . 
,, 9 .. a * .  

, , 9  ... ... 
3 ,  10 ... 
,, 11 ... . .  
,, 16 .., . 
,, 17 ... 

4' 
-- 

J 

81 
I,. 

81 
82 

70 
80 
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